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nPOU,ECCOB B03HHKH0BEHHH H OOPMHPOBAHHfl 
noKPOBOB y ijectoji; ha hphmepe 
TRIAE NOPHOR US NODULOSUS 


B. A. THMO(J)eeB 


h B. H. KynepMaH 


BnojiorHqecKHH HHCTHTyT JieHHHrpapcKoro yHHBepcHTeTa 
H HHCTHTyT 6HOI£OrHH BHyTpeHHHX BOp AH GGGP, BopOK 

G noMomtio ajieKTpoHHOH MHKpocKOiiHH BnepBBie H3yneHBi npopeccBi 
B03HHKH0BeHHH h ^opMHpoBaHHH KyTHKyjio-cy6KyTHKyjmpHoro KOMnJieKCa 
y pecTop h CBH3aHHBix c hhm CTpyKTyp b nepnop npeBpameHHH OHKOC^epBi 
b npopepKonp. CMeHa yjiBTpacTpyKTyp noBepxHOCTH TeJia CTaBHTCH b cbh3b 
co CMeHoii cnoco6oB nHTaHHa Ha pa3HBix 3Tanax pa3 BHTHh npopepKonpa. 


B Hacxompee BpeMH HMeexcn Sojibinoe uhcjio pa6ox, nocBHipeHHbix yjibxpa- 
tohkoh CTpyKType Hapy>KHBix noKpoBOB pecxop (Read, 1955; Kent, 1957; 
Rothman, 1959, 1960; Rosario, 1962; Threadgold, 1962, 1965; Siddiqui, 
1963; TnMO(|)eeB, 1964, 1966; Beguin, 1966; Lumsden, 1966; TnMO^eeB n Ky¬ 
nepMaH, 1967, 1968, 1972; Baron, 1968; Braten, 1968a, 1968b; Charls and 
Orr, 1968; Morris and Finnegan, 1969; Raj and Smyth, 1969; Rifkin et al., 
1970). Bjiaropapn hm cjiepyex cunxaxb, uxo cySMHKpocKonnnecKoe cxpoeHne 
noBepxHOCTHoro cjioh axon rpymibi napa3nxoB pocxaxoum) nojmo H3yueHO. 
OcoSbih HHTepec 3 tot Bonpoc npnoSpexaex b cbh3h c TeM, uxo y jieHxoum>ix 
nepBeii, Kan rjiySono cnen,najiH3HpoBaHHOH rpynnti napa3HTOB, nojiHOCTbio 
pepypnpoBaHa nmpeBapHxejibHan cncieMa, n ^yHKpHio BcacbiBaHnn nnii^H 
npnHHMaeT Ha ce6n noBepxHOCTb TeJia (KyxnKyjia hjih xeryMeHx). 

BojibmnHCXBO HCCJie^OBaxejieii, opHano, po Hacxompero BpeMeHH orpaHmm- 
Bajiocb H3yneHHeM noKpoBOB Jinnib Ha oxpejibHbix $a3ax pa3BHxnn axnx 
napa3HX0B. Hhcjio pa6ox, nocBHipeHHbix H3MeHeHHio yjibxpacxpyKxypbi hx 
noKpoBOB b OHxoreHe3e, oueHb HeBejiHKo. Tan, HaMH 6bijia H3yueHa yjibxpa- 
cxpynxypa KyxnKyjibi CBoSopHonjiaBaioipero KopapnpHH, npopepnonpa, njiepo- 
pepnonpa h B3pocJion oco6n Triaenophorus nodulosus (TnMO(|)eeB h Kynep¬ 
MaH, 1967, 1968). B pa6oxax EpaxeHa paccMaxpnBaioxcH nonpoBbi Diphyllo - 
bothrium latum Jinnib Ha napa3HXHuecKnx $a3ax pa3BHxnn (Braten, 1968a, 
1968b). 

B oSiphx uepxax KyxnKyjia pecxop HMeex cjiepyioipee cxpoeHne. Ha no- 
BepxHOCxn ee pacnojiaraioxcn HecoKpaxnMbie pjiHHHbie Bbipocxbi — MHKpoxpn- 
xhh. CoScxBeHHO KyxnKyjia copep>KHx MHO>necxBO BaKyojieii, rpaHyji h mhxo- 
xoHppnii, ji0KajiH30BaHHbix b ee 6a3ajibHoii nacxn. nop BaKyojmpHbiM cjioeM 
jienmx 6a3ajibHan njiacxHHKa, Koxopyio npoHH3biBaiox pHxonJia3MaxHuecKHe 
MOCXHKH, COepHHHIOH];He 3XOX CJIOH C KJieXKaMH CySKyXHKyjIbl, COpepnmipHMH 
nppa. Cnen;HajiH3HpoBaHHyK) cxpynxypy noBepxHoexn xejia pecxop uaipe Bcero 
CBH3biBaiox c (JjyHKpneH BcacbiBaHnn. TjiaBHyio pojib b 3xom nrpaiox MHKpo- 
xpnxHH, xoHKoe cxpoeHne Koxopbix H3yneHO pocxaxouHO xopoino (Beguin, 
1966; Lumsden, 1966; Rothman, 1968; TnMO(|)eeB h KynepMaH, 1968; Morris 
and Finnegan, 1969; Raj and Smith, 1969; TnMo^eeB, 1970). 


339 




B Haiiinx pa6oTax 6bijio nonasaHO, hto mhkpotphxhh npncyTCTByiOT 
tojibko Ha napa3HTHHecKHx $a3ax pa3BHTna — y npopepnonpa, miepopep- 
Konpa h B3pocjiOH oco6h. Ha noBepxHOCTH OHKOC(J)epBi CBo6opHonjiaBaioipero 
Kopapapna ohh He 6bijih oSHapya^eHBi (TnMO^eeB h KynepMaH, 1967, 1968). 
TaKHM o6pa30M, oaeBHpHO, hto 3th o6pa30BaHna, nan h caMa KyTHKyjia, bo3hh- 
KaioT b npopecce npeBpaipemm OHKOC(|)epBi b npopepnonpa. B pamiOH pa6oTe 
mbi nonBiTajincB npocjiepnTB npopecc B03HHKH0BeHna h (JopMHpoBaHHa no- 
BepxHOCTHoro cjioa h xapaKTepHBix pjia Hero CTpyKTyp b 3tot nepnop pa3BH- 
thh y npopepnonpa T. nodulosus. 

MATEPHAJI H METOPHKA 

H 3 nojiOB03pejiBix ctpo6hji T. nodulosus 6bijih po6bitbi aiipa h nocTaBJieHBi 
Ha pa3BHTne npn 18—20°. Hepe3 6 pHeii H3 hhx BBiJiynnjiHCB CBo6opHonjiaBaio- 
ipne jihhhhkh — KopapnpnH. KopapnpnH cKapMjiHBajiHCB pnKjionaM, b no- 
jiocth Teaa kotopbix pa3BHBajiacB nepBaa napa3HTnaecKaa jinaHHKa — 
npopepnonp. ,H,jih ajieKTpoHHOH MHKpocKonnH $HKCHpoBajiHCB KopapnpnH; 
OHKoc^epBi, jinmeHHBie pecHHHHOH oSojiohkh, H3 KHHieaHHKa pmuiona aepe3 
5 MHHyT nocae 3apaa<eHHH n npopepKonpBi, pa3BHBaioipHecH H3 OHKOC(J)ep 
b noaocTH Teaa pnKjiona aepe3 1, 2, 3, 4, 5, 6, 7, 7.5, 8 n 9 cyTOK nocae 3apa- 
a^emia po hx nojiHoro $opMHpoBaHHa. 

B KaaecTBe $HKcaTopa npnMeHajiacB oxjiaaspeHHaa 2 % aeTBipexoKHCB 
ocMna Ha BepoHaa-apeTaTHOM 6y$epe (pH = 7.4) hjih 1% pacTBop ocmhh 
(pH = 7.2), npnroTOBjieHHBiH no MeTopy Koji^njipa. Ilocjie pernppaTapnH: 
o6 r BeKT 3ajiHBajica b anoKcnpHyio CMOJiy. YjiBTpaTOHKne cpe3Bi, nojiyaeHHBie 
Ha yjiBTpaMHKpoTOMe YMTII-2, KOHTpacTnpoBajm pnTpaTOM CBHHpa h 
ypaHHjiapeTaTOM, 3aieM npocMaTpnBajin n $OTorpa$npoBajm b ajieKTpoHHOM 
MHKpocKone Y3MB-100B npn ycnopaioipeM HanpaaseHHH 75 kb. 

PE3YJIbTATI>I HCCJIEPOBAHHH 

KopapnpnH T . nodulosus coctoht H3 OHKoc^epBi h cjioh KjieTOK, OKpyasaio- 
ipnx ee. 9jieKTpoHHOMHKpocKonnaecKoe HCCJiepoBaHne KopapnpHa, npoBepeH- 
Hoe HaMH paHee, noKa3ajio, hto hjicthh Hapyamoro cjioa Kopapnpna copepa^aT 
appa, MHoroHHCJieHHBie mhtoxohpphh HenpaBHjiBHOH $opMBi, 3Hponjia3MaTH- 
aecKyio ceTB, pa3JiHHHBie Banyoan, rpaHyjiBi h chjibho ocMnpyiorpHeca onpyr- 
jiBie o6pa30BaHna jimrapHOH npnpopBi (TnMO$eeB h KynepMaH, 1967). IIo Mepe 
CTapeHna Kopapnpna xapaKTep pnTonjia3MBi H3MeHaeTca. HaSaiopaeTca pe- 
reHepapna Hapyamoro cjioa, CBa3aHHaa c chjibhoh BaKyojiH3apHeii, o6pa30- 
BaHneM KpynHBix nojiocTen h oG'BepmieHHeM rpaHyji pnTonjia3MBi b 3Be3paa- 
TBie hjih npopojiroBaTBie CKonjieHna. IIoBepxHOCTB ommc^epBi noapBiTa 
o6ojiohkoh, pocraraioipeH tojiiphhbi 1000A. OHa copepamT pBe napajuiejiBHO 
npyipne MeM6paHBi, H3 kotopbix Kampaa coctoht H3 Tpex caoeB. 06ojioaKa, 
OKpymaioipaa 0HK0C(J)epy, moh^t o6pa30BBiBaTB CKjiapKH, KOTopBie noKpBi- 
BaiOT ee b pBa hjih Tpn cjioh. Ot noBepxHOCTH OHnoc^epBi 3th MeM6paHBi Ha- 
npaBJieHBi k HapyamoMy pecHHHHOMy cjioio, o6pa3ya npnaypjiHBBie h3fh6bi 
h 3anojiHaa cbohmh OTBeTBJieHnaMH npocTpaHCTBO Mempy OHKOc^epon h 6a- 
3ajiBHOH aacTBio pecHHHHoro annTejma. HaMH He 6bijih o6HapymeHBi nepexopBi 
o6ojiohkh OHKOC(J)epBi HenocpepcTBeHHO b pHTonjia3MaTnaecKyio MeM6paHy 
pecmiHHoro anHTejina. CoepnHeHne OHKoc(|)epBi c amrrejiHajiBHBiMH KjieTKaMH 
nponcxopHT, no-BnpHMOMy, 3 a caeT npoHHKHOBeHna pnTonJia3MBi nocjiepHnx 
Mea^py OTBeTBJieHnaMH o6ojiohkh. Hh o6ojiohkh OHKOc$epBi, hh cjioh phto- 
njia3MBi OHKOC(J)epBi, HenocpepcTBeHHO jiemaipne nop Hen, He HecyT hhkbkhx 
CTpyKTyp, HanoMHHaioipHx mhkpotphxhh hjih opraHonpBi KyTHKyjiBi nocjie- 
pyioipnx CTapnii pa3BHTHa T. nodulosus (pnc. 1). 

5 MHHyT nocjie 3 a p a jk e h h a. npopojDKemie am3HeHHoro 
pnKjia T. nodulosus ocyipecTBJiaeTca npn 3arjiaTBiBaHHH CBo6opHonjiaBaioipHX 
KopapHpneB pnKjionaMH. HccjiepoBaHna Kopapnpna, H3BJieaemioro H3 KHinea- 
HHKa pHKjiona aepe3 5 MHHyT nocjie npe6BiBaHHa b HeM, noKa3ajin, hto pecHna- 
hbih anHTejina jibhbih cjioh ero ncae3aeT, jihhib HHorpa Mempy H3rH6aMi® 
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x)6ojiotoh o6Hapy>KHBaioTCH ocTaTKH ero ii,HTonjia3Mbi (pnc. 1). CTpyKTypa 
o6ojiohkh, noEpbiBaiomeH 0HK0C(|)epy, MeHneTCH, OHa npeBpamaeTCH b iihth- 
cjioHHoe o6pa30BaHne, cocTonmee H3 Tpex njiOTHbix jihhhh h AByx npo3paH- 
hbix, npnneM cpeAHHH njiOTHan jihhhh b rbsl pa3a TOjim,e KpaeBbix. Cjioh 
ii,HTonjia3MBi OHKOC(|)epBi no a o6ojiohkoh coctoht H3 rpaHyjiHpHoro h MeM6paH- 
hofo MaTepnajia, b HeM npHcyTCTByiOT mhtoxohaphh, 3JieMeHTbi 3HAonjia3MaTH- 
necKoro peTHKyjiiOMa, mho^hSphjijibi rjia^KHx MbiinenHbix bojiokoh, rpaHyjibi 
rjiHKoreHa h pa3JiHHHbie BaKyojin. CaMbin nepH^epnHecKHH cjioh ohko- 
c^epbi HMeeT H3pe3aHHbie onepTamiH, oh 6ojiee BaKyojiH3npoBaH, HeM b Kopa- 
IJHflHH, H B HeM HMeiOT MeCTO aKTHBHbie AHHaMHHeCKHe npoilieccbl, Ha hto yna- 
3biBaeT cKonjieHne b HeM BaKyojinpHbix, rpaHyjinpHbix h MeM6paHHbix CTpyn- 
Typ. 

IlepBbie c y t k h pa3BHTHH npoi^epKOH^a. Bojiee 
pe3KO Bbipa>KeHbi H3MeHeHHH nepn^epHnecKoro cjioh OHKOc^epbi nocjie ee 
npoHHKHOBeHHH b nojiocTb Tejia u,HKJiona h npe6biBaHHH b HeM b TeneHne oa- 
hhx cyTOK (pnc. 2). 06ojionKa, noKphiBaiomaH OHKOc^epy, coxpaHHeTcn. 
OHa pacnojiaraeTCH Ha HenoTopoM paccTOHHHH ot noBepxHOCTH pa3BHBaio- 
Hi,erocH npoii;epKOH^a h HMeeT neTKyio nHTHCjioHHyio CTpyKTypy. nepn^epn- 
necKHH cjioh ^opMHpyiomerocH npoijepKOHAa npeTepneBaeT H3MeHeHHH, bbi- 
pansaioiAHecH b o6pa30BaHHH MeM6paHonoAo6HOH CTpyKTypbi, KOTopan mojkct 
AaBaTb rjiySoKne BnnHHBaHHH BHyTpb u,HTonjia3Mbi. Ha noBepxHOCTH npo- 
AepKOHAa eiu,e HeT hcho Bbipa}KeHHOH ii,HTonjia3MaTHHecKOH MeM6pam>i. 
nofl MeM6paHono^;o6HOH CTpyKTypon othotjihbo bhahbi pa36pocamibie b ro- 
MOreHHOM CO^ep^KHMOM MblineHHbie BOJIOKHa, MHTOXOHAPHH H MHOTOHHCJieHHbie 
BanyojiH. B rjiySnHe npou,epKOHAa jie>KaT HApa, chjibho ocMnpyiomHecH 
rpaHyjibi, mhtoxohaphh, pa3JiHHHbie BaKyojin h MeM6pamibie ajieMeHTbi. 

Ha BTopbie c y t k h pa3BHTHH npoAepKOH^a nponc- 
xoaht pe3Kne H3MeHeHHH b ero CTpyKType: Hcne3aeT oSojionKa, oKpy>Kaio- 
m,aH ero paHee, h Ha noBepxHOCTH npoijepKOHAa o6pa3yiOTCH ii,HTonjia3MaTH- 
necKne BbipocTbi — mhkpobopchhkh. B caMOM Hanajie o6pa30BaHHH ohh 
BbirJIHAHT KaK HeSoJIbHIHe BbinHHHBaHHH Il,HT0nJia3MaTHHeCK0H MeM6paHbI 
?(pnc. 3). flajiee ohh npnoSpeTaiOT bha thhhhhbix ijHJiHHAPHHecKHx MHKPO¬ 
BOPCHHOK, OKpyH^eHHblX AByMH MeMSpaHaMH. CoAep>KHMOe MHKpOBOpCHHOK 
HMeeT roMoreHHHH rpaHyjmpHbiH h $H6pHJiJiHpHbiH xapaKTep. Mhkpobop¬ 
chhkh npoii,epKOHAa 3Toro nepnoAa pa3BHTHH HMeiOT AJiHHy ot 0.2 a° 0.3 mk 
h innpHHy 0.1 mk. Ohh pacnojiaraiOTCH HeynopHAoneHHO, HanpaBjieHbi b pa3- 
Hbie CTopoHH h nacTo 6epyT Hanajio ot oahoto o6oco6jieHHoro ynacTKa. 

Cjioh ii;HTonjia3Mbi, jie^KaiAHH HenocpeACTBeHHO noA MHKpoBopcHHKaMH, 
coa©P>kht KaK 3JieKTpoHHonpo3paHHbie, TaK h ajieKTpoHHonjiOTHbie BaKyojin 
pa3MepoM 0.15 mk. B HeM BCTpenaioTCH TaK>Ke napHbie MeMSpaHHbie ajieMeHTbi 
h mhtoxohaphh. nocjieAHne HHorAa HMeiOT rnraHTCKne pa3Mepbi, nacTO orpa- 
HHHHBaioiAaH hx MeMSpaHa He3aMKHyTa, hto no3BOJineT MaTpnKcy mhtoxohaphh 
•coo6iH,aTbCH c AHTonjia3MOH. Eme HHace jie>KHT MeM6paHonoAo6Hoe o6pa- 
30BaHne, AocTHraiOHi,ee tojiiahhbi 400 A h HBJiHiomeecH, no-BHAHMOMy, npeA- 
mecTBeHHHKOM 6a3ajibHOH njiacTHHKH (pnc. 3). Hoa othm o6pa30BaHneM pacno- 
jiaraiOTCH HeAH^epemiiHpoBaHHbie h HeynopHAoneHHbie MbimenHbie BOJIOKHa, 
OKpy>KeHHbie pa3JiHHHoro poAa MeM6paHHbiMH 3jieMeHTaMH, BaKyojiHMH, rpa- 
HyjiaMH h mhtoxohaphhmh. 

Ha t p e t b h c y t k h pa3BHTHH npoii,epKOHAa b nojiocTH Tejia 
AiiKjiona KapTHHa HeynopHAonemioro pacnojio>KeHHH mhkpobopchhok coxpa- 
HneTCH. OAHaKo HapnAy c 3thm ABJibHeninne npoijeccbi Mop(|)oo6pa30BaHHH 
npHBOAHT K OHepHHBaHHIO 60 Jiee CTa6HJIbHOH KapTHHbl paCnOJIO>KeHHH MHKpO- 
BOpCHHOK. Ha HeKOTOpbIX (|)OTOrpa(|)HHX OHH HanOMHHaiOT MHKpOBOpCHHKH 
KHinenHoro anHTejiHH y pa3JiHHHbix h^hbothhx. CTpyKTypa jie>Kaii],eH noA hhmh 
MeM6paHbi h noACTHJiaioiAero ee cjioh coxpaHHeTcn. 

Ha neTBepTbie c y t k h pa3BHTHH Bee ajieMeHTbi noBepx- 
hocth npoi];epKOHAa CTaHOBHTCH 6ojiee hctkhmh (pnc. 4). Mhkpobopchhkh 
pacnojiaraiOTCH ynopHAoneHHO, paccTOHHne Me>KAy hhmh AOCTHraeT 0.3— 
1.5 mk. Cjioh, jiOKaiAHH noA MHKpoBopcHHKaMH, no-BHAHMOMy SyAyiAan 
KyTHKyjia, hcho OTAejieH ot HHH^ejieH^aiAero cjioh MeM6paHonoAo6HOH CTpyK- 
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Typoii h coAepnmT b CBoeM roMoreiraoM MaTpnKce pa36yxmne mhtoxohaphh, 
ajieKTpoHHonJiOTHLie h npo3panHBie BaKyojin. 

XapaKTepHHM npopepKon^a btoto nepno^a pa3BHTH h hbjihotch noHB- 
jieHne HAep h pa3AejieHne cjioh, pacnojio>KeHHoro no a MeMSpamiOH CTpyKTy- 
pOH, KJieTOBHLIMH rpaHHpaMH. U,HTOnJia3Ma 3THX KJieTOK (nO-BHJliHMOMy y 
cySKyTHKyjmpHLix), nan npaBHJio, 3JieKTpoHHonpo3pa t ma, coAep>KHT 6ojib- 
moe hhcjio BaKyojieii pa3JinnHoro pa3Mepa, KOMnJieKC Tojib^h, KpynHLie 
MHTOXOHAPHH C HeSoJIBIHHM KOJIHHeCTBOM KpHCT H MeMSpaHHBie 3JieMeHTLI. 
HApo TaKHX KJieTOK HMeeT OKpyrjiyio $opMy, xoponio BHAHMyio n^epHyio 
oSojionKy c nopaMH b Heii. Go,n;ep>KHMoe ero roMoreHHO n MejiKo ^ncneprn- 
poBaHO, BHyTpn C0Aep>KHTCH oaho hjih ABa ceTnarax n^pbiniKa. 

Ha nHTBiii ^ e h b pa3BHTHH oGipan KapraHa CTpoemm npo- 
pepKOHAa H3MeHHeTCH (pnc. 5). KjieTOHHBie rpamipBi CTaHOBHTCH 6ojiee bbi- 
pa>KeHHBiMn, pnTonjia3Ma KJieTOK — 6ojiee 3jieKTpoHHonJiOTHon. Me>KAy kjict- 
KaMH noHBjinioTCH 3HannTejiBHBie (nHor^a a° 10 mk) ajieKTpoHHonpospanHBie 
npOMe>KyTKH. nOBepXHOCTHBIH HeKJieTOBHBIH CJIOH, BKJIIOnaiOipHH MHKpO- 
bopchhkh c npnjieraioipHM k hhm ynacTKOM n MeM6paHonoAo6HBie o6pa30Ba- 
HHH, TaK>Ke OT^ejieH ot KjieTOHHoro cjioh npo3paHHBiM npoMe>KyTKOM. CTpyK- 
Typa 3toto cjioh cxo^Ha c thkobbim y neTBipex^HeBHoro npopepKOHAa. 

y npon,epKOH,n;a mecToro a h h pa3BHTH h 3jieKTpomio- 
npo3panHBie npoMe>KyTKH Me>KAy KjieTKaMn n kjictohhbim h noBepxHOCTHBiM 
cjioeM nacTHHHO HCHe 3 aioT. Mhkpobopchhkh CTaHOBHTCH 6 ojiee ji;jihhhbimh, 
AO 0.8 mk. HeKjieTOHHBin cjioh, jie>KaipHH noA MHKpoBopcnHKaMn, npno 6 pe- 
TaeT 6 ojiee roMoreHHBiii xapaKTep. B 3tom cjioe o 6 Hapy>KHBaioTCH pa36yxinne 
MHT 0 X 0 H,n;pHH, KOTopBie HHor^a HMeiOT He3aMKHyTyio Hapynmyio oSojionKy, 
BaKyojin, rpaHyjiBi rjinKoreHa, MeMSpaHHBie CTpyKTypBi. Hor HeKjieTOHHBiM 
noBepxHOCTHBiM cjioeM jiokht rpynna MeM 6 paH, opneHTnpoBaHHBix napaji- 
jiejiBHO cjiok), HecyipeMy mhkpobopchhkh ( 6 yAyipan 6a3ajiBHan MeMSpaHa). 
HHorAa mnpHHa KOMnjieKca Tannx MeM 6 paH AOCTnraeT 0.4 mk. Me>KAy He- 
CKOJIBKHMH pH^aMH MeMSpaH BCTpenaiOTCH 3JieKTp0HH0np03pa t IHBie 30HBI, 
AOCTHraioipne hihphhbi 0.2 mk. Hoa KOMnjieKcoM MeMSpaH pacnojiaraeTCH Kjie- 
TOHHBIH CJIOH, COCTOHipHH H3 SOJIBIHOTO HHCJia TeCHO npnjieraioipHx Apyr 
K Apyry KJieTOK, C OHeHB KpynHBIM HAPOM H 06 BIHHBIM HaSopOM KJieTOHHBIX 
opraHOHAOB. HApa nacTo Haxo^HTCH b HenocpeACTBeHHOH 6jih3octh ot kom- 
njieKca MeMSpaH, noACTHJiaioipHx noBepxHOCTHBiii HeKjieTOHHBiii cjioh. IJhto- 
njia3Ma KJieTOK BHyTpeHHero cjioh cnjioniB 3anojiHeHa rpaHyjiaMH rjinKoreHa. 

Ha c e a b m bi e c y t k h pa3B h t i h npopepKOHAa b nojiocTH Tejia 
pnKjiona o6ipan KapTHHa yjiBTpacTpyKTyp noBepxHOCTH Tejia napa3HTa coot- 
BeTCTByeT TOMy, hto onncaHO ji;jih mecToro ahh pa3BHTHH (pnc. 6), xoth HHor^a 
b 3tot nepnoA BCTpenaioTCH otkjioh6hhh, BBipa>KaioipHecH b cyipecTBOBaHHH 
3HaHHTeJIBHBIX 3JieKTp0HH0np03paHHBIX npOMOKyTKOB MOK^y KJieTKaMH BHyT¬ 
peHHero CJIOH H MOKAy CaMHM BHyTpeHHHM CjioeM H HeKJieTOHHBIM noBepx¬ 
HOCTHBiM. 

M e >k a y c e a l m bi m h h bocbmbimh cyTKaMH pa3BHTHH Ha6jno- 
AaeTCH HanSojiee cyipecTBeHHan, KopemiaH nepecTpoima b CTpyKTypax 
noBepxHOCTHoro cjioh npopepKOHAa (pnc. 7 —11). Mhkpobopchhkh, noKpBi- 
Baioipne noBepxHOCTB Tejia npopepKOHAa co 2 no 7-e cyTKH, b nepnoA Me>KAy 
7 -mh h 8-mh cyTKaMH Hcne 3 aioT. B bto >Ke BpeMH Ha noBepxHOCTH Tejia npo¬ 
pepKOHAa 3aKjiaABiBaiOTCH h (fjopMnpyiOTCH HOBBie opraHOHABi — MHKpoTpn- 
xhh, no CBoen opraHH3au,HH npHHpHnnajiBHO OTJinnaioipHecH ot MHKpoBop- 
CHHOK. 

MnKpOTpHXHH HBJimOTCH npOH3BOAHBIM Hapy>KHOH MeMSpaHBI noBepxHOCTH 
Tejia npopepKOHAa h o6pa3yioTCH oneHB CBoeo6pa3Ho (TnMO^eeB h Kynep- 
MaH, 1972). Ha otacjibhbix ynacTKax noBepxHOCTHoii (6yAyn;eH KyTHKyjmp- 
hoh) MeMSpaHBi OTKjiaABiBaeTCH 3JieKTpoHHonjiOTHoe BeipecTBO, kojikhcctbo 
KOT oporo yBejiHHHBaeTCH no Mepe pocTa npopepKOHAa. noBepxHOCTHan MeM- 
6paHa b 3tot nepnoA HMeeT neTKo BHAHyio KapTHHy: ynacTKH CBo6oAHBie 
ot njiOTHoro BeipecTBa nepeAyioTCH c ynacTKaMH, rAe 3 to BeipecTBO OTjio>KeHO. 
,3,ajiee napajiJiejiBHO noBepxHOCTHoii MeMSpaHe h HH>Ke ee B03HHKaeT ABoiman 
MeM6paHa, paBHan no A«anHe 6yAyipeH npoKCHMaJiBHoii nacTH mhkpotphxhh. 
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Bnocjie,n;cTBHH h Ha Hen OTKjia^HBaeTCH ajieKTpoHHonJiOTHoe BemecTBO. Tan 
$opMnpyeTCH npoKCHMajiBHan nacTb MHKpoTpnxnH (pnc. 7). 

J^HCTajiBHaH — 6nHeBH,n;HaH nacTb 3 toh CTpyKTypbi B03HHKaeT 3a cneT 
OTjio>KeHHH 3JieKTpoHHonjiOTHoro MaTepnajia Ha KOHijeBOM ynacTKe npoKcn- 
MaJiBHoro OT^ejia, OHa KaK 6 bi pacTeT H3 Hero (pnc. 8). Me>KAy AHCTajibHbiM h 
npoKCHMajibHHM OT^eJiaMH MHKpoTpnxnH $opMHpyeTCH neperopo^Ka. 

0,II,HOBpeMeHHO C 3THM npOIjeCCOM npOHCXOAHT BnHHHBaHHe nOBepXHOCT- 
HOH MeM 6 paHbI B CTOpOHy HeKJieTOHHOrO CJIOH noA HH>KHeH 60 KOBOH CTOpOHOH 
npoKCHMajibHoro OT^ejia MHKpoTpnxnH. 9tot opraHOHA npopepKon^a KaK 6 bi 
Me^JieHHO no^HHMaeTCH H3 ropn30HTaJibHoro b BepraKajibHoe noJio>KeHHe. 
TaK B03HHKai0T H $OpMHpyiOTCH OpraHOHftbl a 6 cop 6 u,HH U,eCTOA — MHKpOTpH- 

xhh (pnc. 9—11). 

Cjioh HeKJieTOHHoro BemecTBa, jie>Kan],HH noA mhkpotphxhhmh, TaK>Ke 
npeTepneBaeT H3MeHeHHH — oh CTaHOBHTCH Bee 6ojiee noxo>K Ha 6yAymyio 
KyTHKyjiy c$opMnpoBaHHoro npoijepKOHAa. B 3tom cjioe hmciotch BaKyojin, 
cxo,n;Hbie c TeMH, hto o6pa3yiOT CTpyKTypy KyTHKyjibi nocjie^yiomHX CTa^HH 
pa3BHTHH peCTOft. O^HaKO B nepHOA MOKAy Ce^bMblMH H BOCbMbIMH CyTKaMH 
pa3BHTHH npopepKon^a kojihhcctbo BaKyojien HeBejiHKo. Hapn^y c hhmh 
b noBepxHOCTHOM cjioe o6Hapy>KHBaeTCH mho^kcctbo OT^ejibHbix MeM6paH, 

MHTOXOHAPHH C He3aMKHyTOH Hapy>KHOH 060JIOHKOH, KOJIbH,eo6pa3HbIX H3BH- 
Tbix npo$HJien. TpaHyjibi rjiHKoreHa b 3tot nepHOA pa3BHTHH b HeKJieTOHHOM 
noBepxHOCTHOM cjioe He BCTpenaiOTCH. Ea3ajibHan nJiacTHHKa y npopepKon^OB 
3Toro nepno,n;a pa3 BHTHh ein,e He o6pa30BaHa. Ha ee MecTe pacnojiaraiOTCH na- 
pajuiejibHbie Apyr Apyry h noBepxHOCTHoii MeMSpaHe MeMSpaHHbie CTpyKTypbi, 
H3 KOTOpbIX, BepOHTHO, BnOCJieACTBHH 3a CHeT HX KOHAeHCai],HH H o6pa3yeTCH 
6a3ajibHan nJiacTHHKa. 

IIoa o6pa3yiOHi,eHCH KyTHKyjion h 6a3ajibHOH njiacTHHKOH jiokht KJieTon- 
HbiH cjioh, coctohhi,hh H3 TecHO npHJieraioiAHX APy r k Apyry KJieTOK c hapom, 
3aHHMaiOH],HM nOHTH BeCb o6l>eM KJieTKH. B HApe COAep>KHTCH OAHO HJIH He- 
CKOJibKo HApbimeK. B u;HTonJia3Me KJieTOK paccenHbi BaKyojin, mhtoxohaphh, 
OTAeJibHbie MeM6paHbi, o6pa3yioHi,He npo(JmjiH pa3Hoo6pa3Hon $opMbi, rpa- 
Hyjibi rjiHKoreHa. 9 tot KJieTOHHbin cjioh em,e MajioAH^epemprpoBaH h He o6pa- 
3yeT TnnHHHbix KJieTOK norpy>KeHHoro anHTejiHH. I],HTonJia3Ma KJieTOK hbho 
H aXOAHTCH B KpaHHe BKTHBHOM COCTOHHHH, Ha HTO yKa3bIBaeT ee BaKyOJIH3H- 
poBaHHan CTpyKTypa. 

Ha BOCbMbie c y t k h pa3BHTHH npopepKOHAa b ochobhom 
3aBepmaeTCH (J)opMnpoBaHHe mhkpotphxhh, coSctbchho KyTHKyjibi, 6a3ajib- 
HOH nJiaCTHHKH H CySKyTHKyjIHpHOTO CJIOH KJieTOK, XOTH BHyTpeHHHe npo- 

peccbi hx (J)opMoo6pa30BaHHH em,e He 3aKOHHeHbi. 

Mhkpotphxhh y npoii,epKOHAOB b o 6 ih,hx nepTax y>Ke c$opMHpoBaHbi, pa3- 
Mepbl HX AOCTHraiOT OKOHHaTCJIbHOH BeJIHHHHbl, XOTH 3JieKTpOHHOnJIOTHbIH 
MaTepnaji ein,e He nojiHOCTbio 3anojmneT AHCTajibHbiH otacji h ctchkh npoKcn- 
MajibHoro OTAeJia mhkpotphxhh. Ha nonepenHbix cpe3ax oh bbicjihaht b BHAe 
cjiHBaioiH,HXCH nJiOTHbix rpaHyji. HpoKCHMajibHbiH OTAeji mhkpotphxhh 3a- 
nojiHeH roMoreHHHM MejiKOAncnepcHbiM coagp^khmbim. 

Co6cTBeHHO KyTHKyjia coacp>kht b CBoeM MaTpnKce MHO>KecTO y>Ke c$opMH- 
poBaHHbix BaKyojien. B ee 6a3ajibHOH nacTH pacnojiaraiOTCH cnJioniHbiM cjioeM 
mhtoxohaphh. nocjieAHne naCTO jih 6 o KOHTaKTnpyiOT c BaKyojiHMH KyTHKyjibi, 
jih 6 o OTnoHKOBbiBaiOT ot CBoeii Hapy>KHOH MeMSpaHbi OKpyrjibie npo^HJin. 
Bo 3 MO>kho, hto TaKHM cnoco6oM o6pa30BaHbi Bee BaKyojin KyTHKyjibi. KyTH- 
KyjmpHbiH cjioh AOCTHraeT b 3 tot nepnoA tojiiahhbi 1 — 2 mk. Oh noACTHJiaeTCH 
6a3ajibHOH njiacTHHKOH, KOTopan hbjihctch aHajioroM 6a3ajibHOH MeM6paHbi. 
nocJieAHHH coctoht H3 roMoremioro Beiii,ecTBa, b kotopom HHorAa npocMaTpn- 
BBIOTCH TOHKHe $H6pHJIJIbI. 

noA 6a3ajibHOH njiacTHHKOH jie>KaT cjioh y>Ke c^opMnpoBaHHbix npoAOJib- 
Hbix h nonepeHHbix MbimeHHbix bojiokoh. ,II,ajiee cjieAyeT cjioh cy6KyTHKyjmp- 
Hbix KJieTOK. B OTJiHHHe ot npeAHiecTByiomeH ctbahh pa3BHTHH y bocbmh- 
AHeBHoro npopepKOHAa kjictkh 3Toro cjioh o 6 oco 6 jihiotch APyr ot APyra 

3HaHHTeJIbHbIM 3JieKTp0HH0np03paHHbIM MOKKJieTOHHbIM npOCTpaHCTBOM. 
B 3TOT nepHOA pa3BHTHH HaHHHaeT $OpMHpOBaTbCH KaHaJI, COeAHHHIOIH,HH 
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BaKyOJIHpHLIH ~CJIOH KyTHKyjibi C Cy6KyTHKyjIHpHLIMH KJieTKaMH. y C$OpMH- 
poBaHHoro npou;epKOHAa oh npeACTaBjieH KOMHJieKcoM TecHo npnjieraiomHx 
Apyr k Apyry Tpy6oneK, KOTopbie coeAHHHioT KyTHKyjiy c u;HTonjia3MOH cy6- 
KyTHKyjiHpHLix KjieTOK. KaHaji o6pa3yeTCH, no-BHAHMOMy, 3a cneT MeMSpaH- 
HblX H BaKyOJIHpHLIX 3JieMeHTOB Ii;HTOnJia3MbI KJieTOK HOrpy>KeHHOrO 3HHTeJIHH. 

Ha AGBHTLie c y t k h npoijepKOHA T. nodulosus hojihoctbio c$opMH- 
poBaH h HMeeT CTpoeHne KyTHKyjibi h cy6KyTHKyjiHpHoro cjioh cooTBeTCTByio- 
mee TOMy, hto onncaHO HaMH paHee (THMo<|)eeB h KynepMaH, 1968). 

MnKpOTpHXHH COCTOHT H3 MOHJHOH HpHMOyTOJIbHOH, KBaApaTHOH HJIH 
OKpyrjiOH 6a3ajibHOH nacTH h OTXOAHmeH ot Hee BbiTHHyTOH SnHeBHAHOH 
ja;HCTajibHOH. BbicoTa ocHOBaHHH mhkpotphxhh AOCTnraeT 0.5—0.8 mk, mn- 
pHHa 0.5—0.6 mk. npoKCHMajibHan nacTb mhkpotphxhh OTAejieHa ot AHCTajib- 

HOH HJIOTHOH HJiaCTHHKOH TOJIIH;HHOH OKOJIO 150 A. JJjIHHa AHCTaJIbHOH HaCTH 
AOCTnraeT 2—3 mk. CoAep>KHMoe 3toh nacTH npeACTaBjieHO HaSopoM hjiotho 
ynaKOBaHHbix TpySoneK A^aMeTpoM 70—100 A h oKpyn^eHO MeMSpaHOH. 
BHyTpn 6a3ajibHOH nacra mhkpotphxhh npn $HKcari;HH rjuoTapajibAernAOM 
HpocMaTpHBaiOTCH TpySoHKH, rpaHyjibi, OAHa hjih HecKOJibKo BaKyojien 
(pnc. 12). P asjiHHaiOTCH A^a rana mhkpotphxhh — KpynHbie h MejiKne. 

nOA MHKpOTpHXHHMH HaXOAHTCH Co6CTBeHHO KyTHKyjia, TOJIHJHHa KOTOpOH 
BapbnpyeT ot 1 ao 3 mk. CoAep>KHMoe KyTHKyjibi coctoht H3 BaKyojien, h3bh- 
thx MeM6paH, o6pa3yiOH];Hx npo$HJiH pa3JiHHHoro onepTaHHH, MHoroHHCJieH- 
hhx mhtoxohaphh h roMoreHHoro MaTpHKca. Kansan BaKyojib 0Kpy>KeHa 
ABOHHOH MeM6paHOH H HHOFAa COAep>KHT 3JieKTpOHHOHJIOTHOe BemeCTBO. 
,Il,HaMeTp BaKyojien KOJie6jieTCH ot 200 A ao 0.3 mk. Hoa KyTHKyjion HaxoAHTCH 
roMoreHHan 6a3ajibHan HJiacTHHKa tojiih;hhoh 0.1 — 1 mk. Hepe3 Hee npoxoAflT 
KaHajibi, coeAHHHiomHe KyTHKyjiy c cySKyTHKyjinpHbiMH KJieTKaMH. KaHajibi 
OKpy>KeHbi MeM6paHOH, KOTOpan HBJineTCH npOAOJDKeHHeM u;HTonJia3MaTH- 
necKOH MeM6paHbi cy6KyTHKyjiHpm>ix KjieTOK. ^naMeTp KaHajia — 0.10— 
0.15 MK. 

npoAOJibHan h nonepeHHan MycKyjiaTypa cydKyTHKyjmpHoro cjioh npeA- 
CTaBjieHa MbimeHHbiMH THJKaMH A^aMeTpoM 0.5—1.5 mk. BHyTpeHHee coAep>KH- 
Moe hx npeACTaBjieHO npoTO<|)H6pHJiJiaMH, CHapy>KH ohh 0Kpy>KeHLi o6ojiohkoh. 

B cy6KyTHKyjinpHbix KJieraax npoijepKOHAa o6Hapy>KHBaioTCH HApa, 
3HAOHJia3MaTHHecKaH ceTb, mhtoxohaphh, pa3JiHHHbie rpaHyjibi h BaKyoJiH. 
U,HTOHJia3Ma cy6KyTHKyjinpHbix KjieTOK 3anoJiHeHa mcjikhmh rpaHyjiaMH 
3Be3AnaTOH $opMbi pa3MepoM 250 — 300 A. Tanne rpaHyjibi paccMaTpHBaiOT KaK 
CKonjieHHe rjiHKoreHa (Lumsden, 1965). HHorAa b n;HTonjia3Me KjieTOK BCTpe- 
naioTCH chjibho ocMnpyioiAHecH rpaHyjibi, no-BHAHMOMy, jihhhahoh npnpoABi. 
H, HaKOHen;, b cySKyTHKyjinpHOM cjioe BCTpenaiOTCH H3BecTKOBLie rpaHyjibi, 
pa3BHBaiomHecH b H3BecTKOBOH KJieTKe (TnMO(|)eeB, 1964). 


OBCy^AEHHE 

BjieKTpoHHOMHKpocKonHHecKoe HCCJieAOBaHHe HOBepxHOCTH Tejia T. nodulo¬ 
sus b nepnoA npeBpameHHH OHKoc^epbi b npon;epKOHAa ho3bojihjio npocjieAHTb 
npon;ecc bo3hhkhob6hhh h (JopMHpOBaHHH KyTHKyjio-cy6KyTHKyjiHpHoro 
KOMHJieKca h xapaKTepHbix ajih Hero CTpyKTyp. KaK 6bijio HOKa3aHO, A^Ha- 
MHKa o6pa30BaHHH noKpoBOB ijecTOA npeACTaBjineT cjio>khlih mop$o-<|)H3ho- 
jiorHnecKHH npou;ecc, CBH3aHHbiH c cymecTBeHHOH nepecTpoHKOH noBepxHOCT- 
Horo cjioh h CMeHOH ero yjibTpacTpyKTyp. CpoK hojihoto pa3BHTHH npoijep- 
KOHAa T. nodulosus ao HHBa3HOHHoro coctohhhh cocTaBjineT 8—9 Asen. 
TaKOH >Ke nepnoA hcoSxoahm ajih OKOHnaTejibHoro $opMHpoBaHHH noBepx- 

HOCTHOrO CJIOH 3THX IjeCTOA. 

MccjieAOBaHHe CBoSoAHonjiaBaiomero KopaijHAHH T. nodulosus noKa3bi- 
BaeT, hto o6pa30BaHHe THna KyTHKyjibi 3pejioro npon;epKOHAa Ha HOBepxHOCTH 
OHKoc^epbi OTcyTCTByeT. 9 to o6pa30BaHHe xapaKTepHO ajih napa3HTHHecKHx 
CTaAHH pa3BHTHH ijecTOA* y KopaijHAHH OTcyTCTByeT cneAHajibHaH HHiu;eBapH- 
TejibHan CHCTeMa h ero >KH3Hecnoco6HOCTb, h npoAOJDKHTejibHOCTb >kh3hh 
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©npepejmeTCH 3anacoM nnTaTejiBHBix BeipecTB, HaxopHipnxcH b pecHHHHOM 
aiiHTejiHajiBHOM cjioe, kotopbih oSecnenHBaeT ero pBHTKemie. IIojiHoe ncnojiB- 
30BaHHe 3anacHBix nniaTejiBHBix BeipecTB npHBopHT KopapnpnH k rn6ejin n 
npepBiBaHHio pnKJia pa3BHTHH pecTop. 

Ilocjie 3arjiaTBiBaHHH KopapnpnH pnKjionoM anHTejmajiBHBiH cjioh c6pacBi- 
saeTCH y>Ke b KHHieaHHKe panKa. OTCJianBairae pecmniHoro cjioh nponcxopHT 
Ha rpaHnpe njioTHoii o6ojiohkh, noKpBiBaioipeH OHKoc<|)epy. XapaKTep stoh 
©Sojiohkh MeHneTCH — BMecTo pByx napajuiejiBHO npyipnx MeMSpaH, Ka>KpaH 
H3 KOTOpBIX COCTOHT H3 TpeX CJIOeB, oSoJIOHKa npeBpaipaeTCH, BepOHTHO, 
3 a cneT KOHpeHcapnH MeM6paH b nHTHCJioiiHoe o6pa30BaHne, cocTonipee H3 
TpeX ILJIOTHBIX JIHHHH H PByx np03paHHBIX, npHHeM epepHHH nJIOTHan JIHHHH 
b pBa pa3a TOJiipe KpaeBBix. HasHanemie stoh o6ojiohkh, no-BHpnMOMy, — 
3aipnTa ot nnipeBapnTejiBHBix $epMeHTOB xo3HHHa. Ilocjie npoHHKHOBeHHH 
3apopBinia nepe3 CTeHKy KHinenHHKa b nojiocTB Tejia pnKJiona oSojionKa, 
©Kpy>KaioipaH oHKoctJepy, coxpaHHeTCH b TeneHne nepBBix cyTOK ee pa3BHTHH. 
Flop 3aipnTOH ee npoTenaiOT HanajiBHBie 3TanBi Mop<|)oreHe3a napa3HTa. 
CKJiapqaTBiH xapaKTep TaKoii oSojiohkh no3BOJiHeT 3apopBimy yBeJiHHHBaTB 
paaAiepBi CBoero Tejia npn npeBpaipemra b npopepKonpa. 

Ha BTopBie cyTKH npeSBiBamiH napa3HTa b nojiocTH Tejia pnKJiona nJiOTHan 
oSojioHKa HCHe3aeT, h Ha noBepxHOCTH Tejia npopepKonpa $opMHpyioTCH 
pHTonJia3MaTHHecKne bbipoctbi — mhkpobopchhkh. Ohh eipe He hocht ynopn- 
poHeHHoro xapaKTepa h HanoMHHaiOT nceBponopHH aMe6 hjih bbipoctbi Ha no- 
BepXHOCTH KJieTOK B KyjIBType TKaHH. 

npn pa3BHTHH npopepKonpa c 4-e no 7-e cyTKH cTpyKTypa h pacnojio>Ke- 

HHe MHKpOBOpCHHOK CTa6nJIH3yiOTCH. OhH CTaHOBHTCH 6oJiee PJIHHHBIMH H 
pacnojiaraiOTcn ynopHponemio. IIpopojDKaeTCH $opMnpoBaHne Sypyipero 
KyTHKyjmpHoro h cy6KyTHKyjmpHoro cjioh h reHe3nc hx BHyTpeHHnx 
CTpyKTyp. 

C nOHBJieHHeM MHKpOBOpCHHOK B03HHKaeT B03M07KH0CTB HHTCHCHBHOrO 
HHTaHHH, hto Heo6xopnMo pjm aKTHBHoro opraHoreHe3a, npoTenaioipero 
b npopepKonpe. CTpyKTypa MHKpOBOpCHHOK npopepKonpa T. nodulosus noji- 
HOCTBIO COOTBeTCTByeT TOMy, HTO H3BeCTHO pJIH MHKpOBOpCHHOK KHHieHHOrO 
3 nHTeJIHH pa3JIHHHBIX 7KHBOTHBIX, a TaKTKe BeCBMa CXOpHa CO CTpoeHHeM MHKpO- 
bopchhok TeryMeHTa cnopopncT y TpeMaTop (THHepHHCKan, MamaHCKHH h 
JFo6poBOJiBCKHii, 1966). Ohh npepcTaBJiniOT co6oh phjihhpp, 0 Kpy>KeHHBiH 
pHTOnJia3MaTHHeCKOH MeM6paHOH ? BHyTpH KOTOpOH HaXOpHTCH rpaHyjmpHOe 
ii (JmSpHJUiHpHoe BeipecTBO. OcoSeHHO othctjihbo TaKan CTpyKTypa npoHB- 
jineTCH b nepnop pa3BHTHH npopepKonpa c 4 no 7-e cyTKH. K co>KajieHHio, 
3H3HMaTHHecKne CBOHCTBa noBepxHOCTH npopepKonpa b npopecce ero pa3BH- 
thh H3yneHBi Hpe3BBiHaiiHo njioxo, noaTOMy TpypHO c onpepejieHHocTBio tobo- 
pHTB 0 XHMHHeCKOH pOJIH 3TOH CBOeo6pa3HOH ipeTOHHOH KBHMBI. XoTH nOJIB- 
syncB CTpyKTypHBiMH aHajiornHMH motkho npepnojiaraTB, hto noBepxHOCTHBiii 
cjioh, Hecyipnii mhkpobhjijih, peiiCTByeT no Tnny KHinenHoro anHTejmn, ocy- 
ipecTBJiHH rnppojiH3 hjih npHCTeHOHHoe nnipeBapeHne h BcacBiBaHne. 

Me?Kpy 7-mh h 8-mh cyTKaMH pa3BHTHH npopepKonpa HaSjuopaeTcn HanSo- 
aee cyipecTBeHHan nepecTpoiiKa ero noBepxHOCTHoii CTpyKTypBi: mhkpobop¬ 
chhkh 3aMeipaiOTCH mhkpotphxhhmh — cnepHajiH3HpoBaHHBiMH opraHonpaMH 
pecTop, o6iphh njiaH cTpoeHHH kotopbix coxpaHneTCH Ha Bcex nocjiepyioipHx 
CTapHHX HX >KH3HeHHOrO pHKJia. 

CjiepoBaTejiBHo, $opMHpoBaHHe KyTHKyjiBi h cySKyTHKyjinpHoro cjioh 
npopepKonpa T . nodulosus npoxopHT cjiepyioipne 3TanBi (pnc. 13). 

1. OopMoo6pa30BaHHe nop 3aipHTHOH o6ojiohkoh (1-e cyTKH pa3BHTHn). 

2. 06pa30BaHHe HeynopnponeHHBix mhkpobopchhok h Hcne3HOBeHHe njiOT- 
HOH 060 JIOHKH (2—3-H cyTKH pa3BHTHH). 

3. ynopHponeHHoe pacnojio>KeHHe mhkpobopchhok h reHe3nc BHyTpeHHnx 
CTpyKTyp (4—7-e cyTKH). 

4. HcHe3HOBeHHe mhkpobopchhok h o6pa30Bamie mhkpotphxhh (7— 
8 -e cyTKH). 

5. OKOHnaTejiBHoe $opMnpoBaHHe mhkpotphxhh, KyTHKyjiBi h cy 6 KyTH- 
KyjinpHoro cjioh (8 — 9-e cyTKH). 


4 napa3HTOJiorHfi, Bbin. 4, 1973 r. 
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BjieKTpoHHOMHKpocKonH^ecKoe HCCJieftOBaime $opMnpyioii],erocH npou;ep- 
Kon^a T. nodulosus n 0 Ka 3 a.no, hto Ha ero noBepxHOCTH nponcxo^HT CMeHa 
yjiBTpacTpyKTyp, ocymecTBJimomHx npoijeccBi nnm,eBapeHHH n BcacBiBaHHH. 
OftHOBpeMeHHO C 3THM HMeeT MeCTO H CMeHa CnOCo6oB nHTaHHH Ha pa3HBIX 




Piic. 13. CxeMa <J)opMHpoBaHHH noBepxHOCTHoro cjioh b npou,ecce npeBpamemra ohko- 
c^epbi b npoi^epKOHA h pa3BHTHH ero b nojiocTH Tejia ijHKJiona. 

1 — CBoOoAHonjiaBaioinHH KopapHAHH; 2 — OHKOC(J)epa H3 KHineHHHKa ipmjiona, jiHineHHan Hapym- 
Horo cjioh; 3 — npopepKoim, OKpymeHHbiH njiOTHOH oOojiohkoh, Ha nepBbie cyTKH pa3BHTHH b nojiocTH 
TeJia pHKjiona; 4 — opMupoBaHne HeynopHflOHeHHO pacnojiomeHHbix mhkpobopchhok (2 —3-h cyTKH 
pa3BHTHH npopepKOHAa); 5 — ynopHiaoneHHoe pacnojio>«eHHe mhkpobopchhok h hx poct (4 —7-e cyTKH 
pa3BHTHH); 6 — (JopMHpoBaHHe MHKpoTpHxnft Ha noBepxHOCTH Tejia npopepKOHAa (7—8-e cyTKH pa3- 
BHTHH); 7 — C(J)OpMHpOBaHHbie MHKpOTpHXHH (8— 9~e cyTKH). HC — Hapy>KHbIH CJIOH KOpapHAHH. 
^ OcTajibHbie o6o3HaHeHHH Te me, hto h Ha pnc. 1—6, 7—12. 


3Tanax co3peBaHHH npou;epKOHji;a. CPopMoo6pa30BaHne no# 3am,HTHOH o6ojioh- 
koh CBH3aHO c pacxo,a;oBaHHeM 3anacHBix nnTaTejiBHBix Bem,ecTB OHKoc<|)epBi 
(1-e cyTKH pa3BHTHH). G B03HHKH0BeHHeM MHKpOBOpCHHOK H Cn 0 C 06 H 0 CTBK) 
npoTHBOCTOHTB ry6nTejiBHOMy B03£eHCTBHio xo3HHHa y npou;epKOHji;a ncne3aeT 
o6ojiOHKa h oh nepexo^HT Ha caMocTOHTejiBHoe nnTaHne (2— 3-h cyTKH). 
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B ochobhoh nepnop pa3BHTHH (4—7-e cyTKn) nHTaHne npopepKonpa CBH3aHO 
C MHKpOBOpCHHKaMH. B03M0>KH0, HTO Ha 3TOH CTapHH pa3BHTHH HMeeTCH $eHO- 
MeH $aroi];HT03a, 3aTeM npncTeHOHHoro nmpeBapeHHH, (JjyHKpHOHajibHO cxop- 
Horo c TaKOBHM y KjieTOK KHHieHHoro 3nHTejiHH (YrojieB, 1963). no-BHpHMOMy, 

TaKOH CnOCo6 nHTaHHH pOCTaTOHHO 3(J)(J)eKTHBeH, TaK KaK B 3TOT nepHOA co- 
BepmaioTCH Bee ocHOBHLie npopeccbi Mop(J)oreHe3a npopepKonpa h HaKonJie- 
Hne 3anacHLix nHTaTejibHbix BeipecTB. 

O^HaKO TaKOH THn CTpyKTyp, KaK MHKpOBOpCHHKH H CBH3aHHbIH C HHMH 
xhmh3m, CBOHCTBeHHbiH He3pejiOMy npopepKonpy, BHflHMO, He MO>KeT o6ecne- 
HHTb pajibHeHinne pocT h pa3BHTHe napa3HTa Ha cjiepyioipHX CTapnnx ero 
pmuia. 

MHKpOBOpCHHKH yCTynaiOT MeCTO MHKpOTpHXHHM — HOBbIM OpraHOH^aM, 
cyni,ecTBeHHO OTjmnaioipHMCH ot nepBbix CBoen opraHH3apHeH. Mencpy MHKpo- 
BOpCHHKaMH H MHKpOTpHXHHMH reHeTHHeCKOe pOpCTBO OTCyTCTByeT. no CBOeH 
$yHKH;HH mhkpotphxhh npepcTaBJimoT co6oh moiphbih a6cop6pHOHHbiH anna- 
paT (Rothman, 1968; TnMo^eeB, 1970), 3aMeHHK)ipHH, Beponrao, nHTaHne 
no Tnny npncTeHOHHoro nmpeBapeHHH. B nocJiepHHX paSoTax, opHaKo r 
npepnojiaraeTCH cyipecTBOBaHHe y pecTop MeMSpamioro (npncTeHOHHoro) 
nmpeBapeHHH b ctojib >Ke HHTeHCHBHon CTeneHH, KaK n y Bbicmnx >khbothbix 
(ApKHHp n PaeBa, 1971). 

MnKpoTpnxHH, KaK cnepHajiH3HpoBaHHbie opraHonpbi a6cop6pHH, xapaK- 
TepHbi tojibko pjih JieHTOHHbix pepBen n cpepn ppyrnx napa3HTHPecKHx opra- 
HH3MOB He BCTpenaiOTCH. Bo3HHKHOBeHHe TaKOH CTpyKTypbl, KaK MHKpoTpn- 
XHH, CJiy>KHT, nO-BH^HMOMy, pjIH yBejIHPeHHH CKOpOCTH nOCTynJieHHH nHHI,eBbIX 
Bem;ecTB b opraHH3M pecTop, pto, bo3mo>kho, HBjineTCH pemaioipHM $aKTopoM 
Pjih o6ecneneHHH aKTHBHoro pocTa napa3HTOB Ha nocJiepyioipHx CTapnnx nx 
pa3BHTHH (njiepopepKonp n B3pocjian oco6b). 

Ba>KHO OTMeTHTb, PTO nOJIHOe (JopMHpOBaHHe MHKpOTpHXHH H nOKpOBOB 
npopepKonpa T. nodulosus 3aBepmaeTcn k 8—9-m cyTKaM, pto coBnapaeT 
C OKOHHaHHeM pa3BHTHH JIHPHHKH B peJIOM H CnOCoSHOCTbK) ee K HHBa3HpOBa- 
hhk) cnepyioipero npoMe>KyTOPHoro xo3HHHa — pbi6bi. 
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ELECTRON MICROSCOPE STUDIES OF THE RISE AND FORMATION 
OF INTEGUMENT IN TRIAENOPHORUS NODULOSUS 

V. A. Timofeev and B. I. Kuperman 
SUMMARY 

The authors did the first electron microscope studies of the rise and formation of the 
cuticular-subcuticular complex of Triaenophorus nodulosus and associated structures 
in the period of the transformation of oncosphere into procercoid. The initial stages of lar¬ 
val formation in the body cavity of cyclops proceed under the protection of a dense mem¬ 
brane (the first 24 hours of the development). Then the dense membrane disappears and 
numerous irregularly arranged microvilli arise on the surface of the body. They are analo¬ 
gous to those of the intestinal epithelium of the animals (the 2nd—3d day of the develop¬ 
ment). A regular arrangement of microvilli and genesis of internal structures of the upper 
layer proceed on the 4th—7th day. Between the 7th and 8th day microvilli disappear and 
take place an anlage and full development of new organoids of cestodes microtrichiae. 
Microtrichiae preserve a similar structure on the subsequent developmental phases of the 
parasite (both in plerocercoid and adult). The final formation of microtrichiae, cuticle 
and subcuticular layer of procercoid of T. nodulosus occurs on the 8th—9th day. The change 
of ultrastructures of the body surface is associated with the change of made of feeding 
at various stages of the development of procercoid. 




I’hc. 1—6. IIocJieflOBaiejibHbie 3Tanti (j)opMHpoBaniiH noBepxnocTnoro cjioh b npopecce 
pa3BimiH OHKOC(f)epbi b npopepnoHfl y T . nodulosus. 

1 - onKoc$epa, noKpbiTaa iijiotiioh oaojiOHHoii, H3 KiimeHHHKa miKJiona nepe3 5 mhh. nocjie ero 3apa>Ke- 

hhh (Xi2 000); 2 — nepBbie cytkh pa3BHTna npouepKOHAa b iiojiocth Tejia miKJiona nojj 3amnT0ii iijiot- 
Hofi ouojiohkh (X2000); 3 — o6pa30BaHwe HeynopHAOHenno pacnoJio>KeHHbix miikpobopchhok Ha nosepx- 
hocth TeJia npouepKOHjia Ha BTOpbie cyTKH b iiojiocth Tejia UHKJiona (X24 000); 4 — ynopaaOHeHHoe pac- 
noJio)KeHHe mhkpobopcmhok Ha neTBepTbie cyTKH pa3BHTMH (Xl2 000); 5 — noHBJieHiie ajieKTpoHHOnpo- 
3paHiibix npOMe>KyTKOB Me>Kjiy KJieTKaMii h cjiohmh Ha nHTbie cytkh (X23 000); 6 — noBepxHOCTb Tejia 
npouepKonaa cezibMoro hhh pa3BHTHH (Xi2 000); no — miOTHan oSoJiOHKa OHKOc$epbi. on — ohko- 
c^jepa; oif — ocTaTKH miT0iuia3Mbi Hapy>KHOro cjioh KOpaunann; At — mhtoxohuphh; ms — MMKpo- 
uopchhkh; — (JopMHpyiomari KyTHKyjia; $6m — (ftopMHpyiomaHCH 5a3ajibHan MeM6paHa; snn — 

3JieKTp0HH0np03paHHbie npOMe>KyTKH. 


r^ktrn 



Piic. 7—12. 3Tanw ^opMiipoBaHiiH n o6oco6jieHiiH MiiKpoTpiixiiii Ha noBepxHOCTii TeJia 
npot^epKOH^a T. nodulosus. SjieKTpoHHOMiiKpocKomnecKoe $oto. 

7 — 3aKJiaAi<a MHKpoTpHXHfi noA KyTHKyjiHpiioft MeM6panoii (x60 000); 8 — oifoimaTeJibiibifi 3Tan <J)op- 
MHpouaiiHH mhkpotphxhh nOBepxnocTHbiM cjioeM npoijepKOHAa (X 75 000); 9 — ofjocoSjieHHe mhkpo¬ 
tphxhh ot noBepxiiocTitoro cAoa nponepKOHAa (x55 000); 10 — na^ajibiibiH 3Tan BbinpaMjieiiHA mhkpo- 
TpwxHft (x73 000); 11 — nocjieAyiomHM 3Tan BbinpHMjieiiHH mhkpotphxhh (x55 000); 12 — noBepx- 
noCTb Tejia nojiiiocTbio c^opMupoBaimoro npoijepKOHAa (X6 000). 

6m — 6a3ajibiiaH MeM6pana; en — BaKyojin; kto — KyTHKyjia; Mm — mhkpotphxhh; mq 6 — mho<Jjh6- 
pHJijibi; cnm —- cy6KyTHnyjia; &Mm — <J)opMHpyiomHecH mhkpotphxhh; a — flAPO. OcTajibiibie o6o3iia- 

^eiiHH Te me, ^to h iia pnc. 1—5. 


